300 H 37 # HS^O 37 ^ 10 

Ghi-Ghang Ghen & Ghien-Ghang Hsu* : Cytological studies 
on Taiwan grasses (2). Chromosome numbers of 
some miscellaneous tribes** 

m gi*-. m&mmn** 

This is the second paper on chromosome numbers of Taiwan grasses. The 
first paper (Chen and Hsu, 1961) was concerned with the chromosome numbers 
and chromosome behavior of 41 species and six varieties of the tribe Paniceae. 
The present paper is the result of our cytological study on some species 
belonging to other miscellaneous tribes. All data are listed in Table 1 to get 
them on record. The arrangement of tribes in subfamilies, and of genera in 
tribes follows Stebbins and Crampton’s (1961) and Hubbard’s (1934) systems 
respectively. References to previous records of chromosome numbers which are 
not available to the authors or published in a language not familiar to them 
may be found in Myers (1947), Darlington and Wylie (1955), Cave (1958, 1959, 
1960) and Carnahan and Hill (1961). 

Materials arsd Methods 

Most of materials are collected in the field and some are grown in the 
greenhouse. Chromosome counts are made on pollen mother cells according to 
the ordinary aceto-carmine smear method. Drawings are made with the aid of 
a camera lucida at the magnification of 750x.Voucher specimens are deposited 
in the Herbarium, Department of Botany, National Taiwan University, Formosa. 

Results axed Discussion 

GRYZEAE: As listed in Table 1, chromosome counts of Hygroryza aristata 
and Leesia hexandra are quite in agreement with previous reports. The genus 
Zizania has previously been reported to have two kinds of basic chromosome 
numbers, x=15 (or 5) and x=.17 (cf. Carnahan and Hill, 1961). The present 
count of n—17 is obtained for Z. latifolia. Meiosis in microsporocytes of this 
species is found to be irregular, usually with two to four univalents at meta¬ 
phase I (Fig. 1). 

* Institute of Botany, Academia Sinica and Department of Botany, .National Taiwan Univer¬ 
sity, China respectively. 

mb. 

** The first part (tribe Paniceae) was published in Botanical Bulletin of Academia Sinica, new 
series 2 (2): 101-110 (1961). 
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CENTOTHECEAE: At diakinesis, Lophatherum gracile is found to have 24 
small bivalents (Fig. 2). It seems that the small chromosomes of Lophatherum is 
of the oryzoid type with the basic number of 12. 

FESTUGEAE: The count of n=14 is obtained for two collections of Poa 
annua. It accords with previous reports which were made for European materials 
by Nannfeldt (1937), Litardiere (1938), Tutin (1957), a. o., those for American 
materials by Armstrong (1937), Bowden (1961), a. o. and those for Japanese 
materials by Tateoka (1954). 

TRITICEAE: A single representative from the Triticeae is Agropyron for- 
mosanum. Chromosome number of this species is n=21. 

AVENEAE: The number n=14 is counted in the Formosan variety (var. 
formosanum) of Trisetum spicatum. This widely distributed species was subjected 
to cytological or cytotaxonomic studies by several authors (Flovik, 1938; Bocher 
and Larsen, 1950; Morrison, 1959; a. o.), and the tetraploid number, n=14 
had been without exception detected by these authors. Counts are made of n=.7 
for Alopeculus aequalis and n--21 for Agrostis canina var. formosana, A. clavata 
var. nukabo and Polypogon fugax. These counts are in accordance with previous 
records (cf. Table 1). 

ERAGROSTEAE: A diploid number of n=9 is observed in one collection of 
Eleusine indica, and this count accords with previous records (cf. Table 1). In 
a wide sense, E. indica includes both diploid and tetraploid plants. But after 
an intensive cytotaxonomic study, O’Byrne (1957) separated them at species 
level and gave a name E. africana for the tetraploid form. Chromosome counts 
are obtained for two species of Eragrostis-. n=.10 for E. tenella and n=30 for 
E. nutans. Both counts are the first cytological records. 

'■ CHLORIDEAE: Previous cytological records for Cynodon dactylon were 
2n=30, 2n—36 and 2n=40 (cf. Table 1). A count of n=18 is obtained in the 
present study in agreement with the reports of Avdulov (1931) and Brown 
(1950). The counts are made of n=20 for Chloris barbata and Enteropogon 
gracilior. The chromosome of the latter species is studied for the first time in 
this article. The count of n=18 for Sporobolus elongatus is in agreement with 
that of Ono and Tateoka (1953). From previous records (cf. Carnahan and Hill, 
1961), it is apparent that the basic numbers of Sporobolus are nine, ten and 
twelve. The single collection of Muhlenbergia investigated, M. hugelii , is a 
tetraploid with n=20 chromosomes. Ono and Tateoka (1953), however, reported 
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Figs. 1—16. P. M. C. Meiosis. 1, Zizania latifolia Metaphase I. 16II+2I. 2, Lophatherum gra- 
cile Diakinesis. 2411. 3, Agropyron formosanum Prometaphase I. 2111. 4, Eragrostis nutans 
Diakinesis. 3011. 5, Eragrostis tenella Diakinesis. 10II. 6, Enter jpogon gracilior Metaphase I. 
20 II. 7, Muhlenbergia hugelii Diakinesis. 2011. 8, Sphaerocaryum malaccense Metaphase I. 
911. 9, Sphaerocaryum malaccense Metaphase I. 9II. 10, Bothriochloa glabra var. perfectior 
Diakinesis. 19II+2I. 11, Bothriochloa glabra var. perfectior Telophase I showing one excluded 
chromosome. 12, Bothriochloa glabra var. perfectior Telophase II showing laggards. 13, Capi- 
llipedium parviflorum Diakinesis. 2011. 14, Capillipedium parviflorum Diakinesis. 1IV+18II. 
15, Chrysopogon aciculatus Late metaphase I showing difference in the time of separation of 
bivalents. 16, Chrysopogon aciculatus Anaphase I showing 10:10 distribution of chromosome. 
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2n=42 for this species. 

ZOYSIEAE: Cytology of Zoysia had previously been studied by Forbes 
(1952). He reported that chromosome numbers of Z. japonica, Z. matrella and 
Z. tenuifolia were all in n=20 and meiosis were found to be regular. He 
suggested that the basic number of Zoysia might be 20. In the present study, 
Z. tenuifolia is confirmed to have the same chromosome number as that reported 
by Forbes. Although no species with 20 somatic chromosomes has been detected 
so far, the basic number of Zoysia may be ten because the number 2n=40 in 
eragrostoid grasses always represent a tetraploid of the basic ten (cf. Carnahan 
and Hill, 1961). 

PANICEAE: Cytological studies of Taiwan Paniceae were reported in the 
previous paper (Chen and Hsu, 1961), and only one addition is made: the count 
of n=9 is obtained for Alloteropsis semialata. This count accords with that of 
de Wet (1958), whereas the individuals with 2n—54 belonging to this species 
have been reported fron South Africa (Moffett and Hurcombe, 1949; de Wet 
and Anderson, 1956). 

ISACHNEAE: The genus Sphaerocaryum has not been previously studied 
cytologically. In the present study, it is found that chromosomes of S. malac- 
cense are of the panicoid type, showing nine small bivalents at diakinesis and 
metaphase I (Fig. 8, 9). 

ANDROPOGONEAE: Two cytological types of Apluda mutica have been 
reported, a diploid with 2n—20 by Hunter (1934) and Celarier (1957), and a 
tetraploid with 2n—40 by Avdulov (1928). In the present study, ten bivalents 
are observed at diakinesis. 

The count of n=18 for Arthraxon hispidus is in agreement with those of 
Avdulov (1928) and Takeoka (1955). 

The chromosome number of Bothriochloa glabra was recorded by de Wet 
(1954) as 2n=40. In the present study of one variety, B. glabra var. perfectior, 
the same chromosome number is found. Meiotic behavior in microsporocytes of 
this variety is irregular with univalents at diakinesis (Fig. 10). It has laggards 
at telophase I (Fig. 11) and telophase II (Fig. 12). 

Counts of n=:20 are obtained for Capillipedium parviflorum ■ and C. 
assimile. Meiotic behavior in microsporocytes of C. parviflorum is irregular 
with one large ring of four at diakinesis (Fig. 14). The same chromosome 
number for C. parviflorum had also been reported by Celarier and Harlan 
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(1956). 

The count of n = 10 for Clirysopogon aciculatus agrees with that of Delay 
(1950). There is a considerable difference in the time of separation of the 
bivalents at late metaphase I (Fig. 15). However, at anaphase I, most cells are 
normal with 10: 10 distribution of chromosomes (Fig. 16). 

Ono and Tateoka (1953) reported that Cymbopogon tortilis had 2n—20 chro¬ 
mosomes. This is corroborated by the present study of meiotic chromosomes 
which shows n—10. 

The investigation of n=20 for Eccoilopus cotulifer is in agreement with 
previous records (Ono and Tateoka, 1953; Gelarier, 1956). 

The count of n=27 is obtained for He?narthria compressa. Previous counts 
in this genus were 2n=10 for H. altissima and 2n=sl8 for H. sibirica (Morlya 
and Kondo, 1950; Ono and Tateoka, 1953). This indicates the presence of two 
basic numbers, x=9 and x=5, in the genus Hemarthria. 

The count of n=10 for Imperata cylindrica agrees with those of Bremer 
(1924), Ammal (1941) and Tateoka (1954). 

Chromosomes of the genus Ischaemum usually clump together at metaphase 
I, so analysis of the chromosomal configuration at this stage is difficult. Three 
collections of I. barbatum var. gibbum are studied. They have 2n=36 chromo¬ 
somes. Meiosis in microsporocytes of one collection, H-1122, is rather irregular. 
At diakinesis, quadrivalents, trivalents and univalents are observed . (Fig. 19). 
The count of n=36 is obtained for two collections of I. aristatum, and their 
meiotic division is normal. Two clones of I. indicum collected from the same 
place are studied. One clone has normal meiotic division with 18 bivalents at 
diakinesis (Fig. 20), while the other clone has 2n=37 chromosomes. Observation 
of 18 bivalents and one univalent at metaphase I (Fig. 21) and 18: 19 distribution 
of chromosomes at anaphase I (Fig. 22) indicates that the latter may be a 
trisomic plant. No morphological differences are found between the trisomic 
plant and the normal plant. 

Previous chromosome counts for Miscanthus floridulus were 2n=36, 38 and 
2n—29, 35, 36, 38, 40 and 41 for M. sinensis (cf. Table 1). In the present 
study, n=19 is consistently obtained for two collections of M. floridulus and 
three collections of M. sinensis. 

Two species of Pogonatherum were found in Taiwan. The one is herbaceous 
and the other has rather woody culms. Only P. crinitum is studied xytologi- 
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Figs. 17—^29. P. M. C. Meiosis. 17, Hemarthria compressa Diakinesis. 27II. 18, Ischaemum 
barbatum var. gibbu?n Metaphase I. 1IV+16II. 19, Ischaemum aristatum Diakinesis. 3611. 20, 
Ischaemum indicum Diakinesis. 1811. 21, Ischaemum indicum Metaphase I. 18II+1I. 22, 

Ischaemum indicum Anaphase I showing 18: 19 distribution of chromosomes. 23, Microstegiu?n 
fauriei Diakinesis. 2011. 24, Pogonatherum crinitum Anaphase I showing 10:10 distribution 
of chromosomes. 25, Pogonatherum crinitum Telophase I showing laggards. 26, Rottboellia 
exaltata Diakinesis showing 10 large, 10 medium and 10 small bivalents. 27, Spodiopogon 
tainanensis Diakinesis. 2011. 28, 29, Thaumastochloa cochinchinensis Diakinesis. 1811. 
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cally. The haploid chromosome number of this species is ten at telophase I 
(Fig. 25). Previous report of the chromosome number for this species was 2n=20 
(Tateoka, 1956). 

Chromosome count of 2n=20 for Rottboellia exaltata was first reported by 
Moffett and Hurcombe (1949) and was confirmed by Celarier (1957). However, 
Krishnaswamy et al. (1954) found that this species had 36 somatic chromosomes. 
In the present study, the third chromosome number, n=30 is presented. Meiotic 
behavior in microsporocytes is regular with 30 bivalents at diakinesis. It is 
noticeable that the chromosomes of this species fall into three groups: ten 
bivalents large in size; ten bivalents medium in size and ten bivalents small 
in size (Fig. 26). 

Various chromosome numbers of Saccharum spontaneum have been listed 
in Darlington and Wylie’s Chromosome Atlas (1955). In the present study, the 
count of n=56 is obtained. 

Sorghum nitidum has a wide geographical distribution and had been studied 
cytologically by several authors (Ayyanger and Ponnaiya, 1941; Garber, 1950; 
Krishnaswamy et al., 1956; Celarier, 1958; Celaier and Mehra, 1959). Some 
collection are found to be diploid with 2n = 10 and the others are tetraploid 
with 2n=:20. Celarier and Mehra (1959) studied one collection from Ryukyu 
Islands and found that it was desynaptic. In the present study, chromosome 
behavior in microsporocytes of one collection of this species from Taipei County 
is found to be regular with five bivalents at diakinesis and metaphase I. 

The count of n=20 is obtained for Spodiopogon tainanensis. The authors 
agree with Celarier (1957) that like other genera of Andropogoneae, the basic 
number of Spodiopogon is ten or five. 

The cytology of the genus Thaumastochloa has not previously been reported. 
In this paper one species T. cochinchinensis is presented. In the species eighteen 
bivalents are consistently found at diakinesis and no essential meiotic difference 
is shown. The basic number of the genus is suggested to be nine. 

Summary 

1. Chromosome counts of 41 species and five varieties of the Gramineae 

growing in Taiwan are reported in this paper. Of these the chromosome counts 
of 13 species and five varieties are reported for the first time. : : " 

2. The basic chromosome number in SphaeroCarytim and Thaumastochloa 
is proposed to be x=9. 
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3. Meiotic abnormality is found in Zizania latifolia, Bothriochloa glabra 
var. perfection, Capillipedium parviflorum, Ischaemum barbatum var. gibbum 
and Pogonatherum cr ini turn. . 

4. Chromosomes of Rottboellia exaltata fall into three groups indicating a 
possible hybrid origin of this species. 

5., Both the normal and the' trisomic clones;.of fschaemuiri. iridicum are 
studied. The .trisomic plant has , 18 bivalents and, one univalent at metaphase I, 
but telophase I shows 18: 19 distribution of chromosomes. 

The authors wish to express their hearty thanks to Prof, Chuan-Ying Chao 
for,his directions and encouragements. Thanks are also due to Dr. Tuguo 
Tateoka and Dr. Charles E. DeVol for their valuable suggestions and criticisms 
of the manuscript. , Recent literatures are kindly showed us by Dr. Tuguo 
Tateoka, and his uncountable help makes this,study possible. 
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Tab. 1. Chromosome numbers in sqme Taiwan grasses 
Species Material ' n ' Fig. Authority (in 2n) ; 


SUBFAMILY ORYZOIDEAE 



Tribe Oryzeae 


Hygroryza aristata 
(Retz.) Nees 

H-856 

12 

24 Hirayoshi 1937,Ramanujam 
1938 

Leefsia hex'andra Swartz 

C-4 

24 

48 Ramanujam 1938, Brown 
1948, de Wet' and Anderson 
1956 

Zizania latifolia 
(Griseb.) Stapf 

. G-97 

17 1 

17 Hirayoshi 1937, Ramanujam 
1938, a. o. 


SUBFAMILY ARUNDINOIDEAE 
Tribe Centotheceae 


Lophatherum gracile Brongn. H-930 24 2 

SUBFAMILY FESTUCOIDEAE 
Tribe Festuceae 

Poa annua L. C-119 14 „ 28 Nannfeldt 1937, Armstrong 

u C~47 1937, Litardifere 1938, Ta- 

teoka 1954, Turin' 1957, 
Bowden 1961, a. o. 

Tribe Triticeae 

Agropyron forniosanurn Honda C~49 21 - 

. // ■ .. ... H-1652 21 3 .A- .A. .... ■ 

- Tribe Aveneae ... Vh:" ;H 

Trisetum spicatum (L.)Richt. C~57 14 ■ ..< " 

var. forynpsana (Honda), 

Ohwi 

Agrostis ' .* - 

canina L. var. formosana C~I2 21 , , 

Hack. . ... . ' .. ‘ 8 ' ' v _ 

clavata Trin. var. nukabo C~48 21 ' . \' r ‘ 

Ohwi ■ , i •■•;;; r: " ' • ' 

Alopecurus aequalis Sobol C-112 7 14 Strelkova 1938, Johnsson 

1941, Bowden I960, a. o. 

Polypogon fugax Nees ex C-9 21 42 Avdulov 1931, Sokolovskaja 

Steud. 5 1938, Bjorkman. 1954, Tate- 

oka 1955 

SUBFAMILY ERAGROSTOIDEAE 


Tribe Eragrosteae 

Eleusine indica (L.) Gaertn. C~27 9 18 Avdulov 1931, Sharing and 

De 1956, O’Byrne 1957, 
Gould 1960, Singh and Godr 
ward 1960, a. o. ■ 
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Eragrostis 

nutans (Retz.) Nees C-113 30 4 

tenella (L.) Beauv. C-29 10 5 

Leplochloa chinensis ( L.)Nees G-23 20 40 Avdulov 1931 

Sporobolus elongatus R. Br. C-7 18 36 Ono and Tateoka 1953 

Muhlenbergia hugelii Trin.: C-45 20 7 42 Ono and Tateoka 1953 

Tribe Chlorideae 

Chloris barbata Swartz C-95 20 20 Avdulov 1931 

Cynodon dactylon (L.) Pers. C-104 18 30 Hunter 1934 

36 Avdulov 1931, Brown 1950 
40 Hurcombe 1947, Tateoka 
1954, Shibata 1957 

Enteropogon gracilior Rendle C-84 2Q 6 

Tribe Zoysieae 

Zoysia tenuifolia Willd. C-105 20 40 Forbes 1952 

SUBFAMILY PANICOIDEAE 
Tribe Paniceae 

Alloteropsis semialata( R. Br.) C-137 9 18 de Wet 1958 

Hitchc. 54 Moffett and Hurcombe 

1949, de Wet and Anderson 
1956 

Tribe Isachneae 

Sphaerocaryum malacaense H-1319 9 8,9 
(Trin.) Pilger 

Tribe Andrppogoneae 

Apluda mutica L. C-88 10 20 Hunter 1934, Gelarier 1957 

40 Avdulov 1931 

Arthraxon hispidus (Thunb.) C-126 18 36 Avdulov 1931, Tateoka 1955 

Makino 

B.othriochloa glabra (Roxb.) 

A. Camus var. perfectior H-509 20 
(Hook, et Arn.) Ohwi 

// H-536 20 

// G-98 20 10-12 

Capillipedium 

parviflorum (R. Br.) Stapf H-583 20 13,14 40 Gelarier and Harlan 1956 

assimile (Steud.) A. Gamus H-549 20 

Chrysopogon aciculatus (Retz.) C-26 10 15,16 20 Delay 1950 

Triii. 

Cymbopogon tortilis (Presl) C-99 10 20 Moriya and Kondo 1950, 

A. Gamus ' ' * ’ Ono and Tateoka 1953 


23 - 
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Eccoilopus cotulifer (Thunb.) 
A. Camus 

H-834 

20 


40 Ono and Tateoka 1953 

Hemarthria compressa (L. f.) 

R. Br. 

C-34 

27 

17 


Imperata cylindrica (L.) 
Beauv. 

C-3 

10 


20 Bremer 1924, Ammal 1941 * 
Tateoka 1954 





24 Joshi et al. 1959 

Ischaemum barbatum Retz. 
var. gibbum {Trin.) Ohwi 

H-1122 18 

18 


// 

C-131 

18 



// 

H-1119 18 



aristatum Linn. 

C-35 

36 



// 

C-122 

36 

19 


indicum (Houtt.) Merrill 

C-107a 18 

20 


// ' \ 

C-107b 

* 

21, 

22 

Microstegium 





ciliatum (Trin.) A. Camus 

C-108 

20 


40 Celarier 1956 

// 

H-1138 20 



n 

H-1073 20 



// 

Cy-012 20 



a 

Cy-014 20 



fauriei (Hay.) Honda 

C-58 

20 

23 


// 

H-1677 20 



Miscanthus floridulus 

(Labill.) Warb. 

C-17 

19 


36,38 Gelarier 1956 

n 

C-16 

19 



sinensis Anderss. 

C-55 

19 


28 Moriya and Kondo 1950 

// 

C-59 

19 


38 Leung and: Li 1949, Cela¬ 

// 

C-66 

19 


rier 1956 





40 Tateoka 1954 





35,36,38,40,41 Takizawa 1952 

Pogonatherum criniturn 
(Thunb.) Kunth 

C-ll 

10 

24,25 20 Tateoka 1956 

Rottboellia exaltata L. f. 

C-86 

30 

26 

20 Moffett and Hurcombe 1949, 
Celarier 1957 





36 Krishnaswamy et al. 1957 

Sacchatum spontaneum L. 

C-92 

56 


81,82 Moriya i949 


24 





October 1962 
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96,112 Moriya 1950 

40-128 Rao and Babu 1955 a. o. 

Sorghum nitidum (Vahl) C-41 5 

Pers. 


Spodiopogon tainanensis Cy-006 20 27 

Hay at a 

Thaumastochloa cochinchinen- C-87 18 28 

sis (Lour.) G. E. Hubbard C-123 18 29 


* cf. text. 
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Utt4*S '/*©£« L~C&*K 

||L<, Compsopogon Oishii Okamura $tL“CW7c 0 ftiftofraA 

(Krishnamurthy. V. in Journ. Linn. Soc. London, Bot. 58 No. 372: 207-222 
(1962) KX. 2)2, Clltitt (^fvyM-f), igfffffi-SCSi : Kfc 

G^B) 1C02> C. coeruleus Montagne 2) £> L W 0 (lji]\H| AA) 


10 Ayyanger and Ponnaiya 
1941, Gelarier and Mehra 
1959 

20 Garber 1950 

10,20 Gelarier 1958 

10,28 Krishnasway et al. 1956 
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